Objective: To compare the performance of formal prognostic instruments vs subjective clinical judgment with regards to predicting functional outcome in patients with spontaneous intracerebral hemorrhage (ICH).
Numerous formal clinical grading scales for patients with spontaneous ICH estimate longterm mortality or functional outcome, using clinical and radiographic variables from admission. [9] [10] [11] [12] [13] [14] [15] [16] While some of these outcome calculators have become commonplace, with inclusion in the documentation quality metrics among US Comprehensive Stroke Centers, few have been validated independently and prospectively. [17] [18] [19] Even fewer have been compared to the early clinical judgment of bedside clinicians with regards to their accuracy. 20 The present study sought to compare 2 of the most commonly used ICH clinical scales in neurologic practice, the ICH score and the FUNC score, to the early subjective clinical judgment of physicians and nurses with regards to predicting functional outcome in patients with spontaneous ICH. 9, 14 The prespecified hypothesis was that the 2 formal scales would more accurately predict modified Rankin Scale (mRS) score at 3 months after ICH compared to early subjective predictions of bedside physicians and nurses, as measured by each group's correlation with actual outcome.
METHODS Study design and setting. This prospective multicenter observational study enrolled patients with spontaneous ICH at 5 neuroscience intensive care units (NICUs) within 5 academic medical centers in the United States from April 1, 2011, to December 31, 2013. Within 24 hours of each patient's admission to the hospital, one physician and one nurse on the primary team were asked to predict the patient's functional outcome at 3 months. This early 24-hour period for collecting predictions was incorporated into the study design so that predictions were made before actual decisions regarding aggressiveness of care for severely affected patients dictated their outcomes. The values for the ICH score and FUNC score were then calculated for each patient using admission clinical and radiographic variables. The actual 3-month outcome for each patient was obtained by personnel blinded to the original predictions to enable comparison of the predictive accuracy of providers against formal scales.
Standard protocol approvals, registrations, and patient consents. This study was approved by the institutional ethical standards committee on human experimentation at all 5 sites. All patient and clinician participants gave informed consent (or via surrogate for incapacitated patients) before taking part. Patients with malignancies that lead to coagulopathy, venous sinus thrombosis, vascular malformations, aneurysms, tumors, hemorrhagic conversion of recent ischemic stroke, or traumatic hemorrhage were excluded.
Participants
Each participating center was an ongoing ERICH recruitment center or had a preexisting local prospective ICH registry that enrolled patients with the same eligibility criteria as those listed for ERICH. Patients needed to be enrolled in an existing parent study in order to be considered for this study. Each center screened potential patients for parent studies through review of hospital admission, emergency room, and NICU admission logs. 21 Each patient successfully consented for a parent study was then subsequently screened for this study by assessing whether he or she was still within the first 24 hours of hospital admission.
Clinicians. Within 24 hours of each eligible patient's admission, a single physician and a single nurse on each patient's primary inpatient team were enrolled in the subjective prediction portion of the study by a research coordinator. When available, the attending physician for an eligible patient was enrolled. If the attending was not available, a trainee physician (e.g., fellow, resident) was enrolled, as long as he or she was a member of the patient's treatment team. For each center, informed consent forms were signed in advance by as many members of the physician and nursing staff as possible before the recruitment of patients began, with signed consent by clinicians then verified by research coordinators at the time of each patient's enrollment.
Variables. Outcome. The primary outcome variable obtained for each enrolled patient was the mRS, scored at 3 months. 22 Variables predictive of outcome. The collected predictors of outcome obtained for each patient were (1) a single physician prediction of 3-month mRS and (2) a single nursing prediction of 3-month mRS. All predictions were obtained within 24 hours of patient admission. As each participating clinician was a member of an enrolled patient's primary team, physicians and nurses were allowed to use any information available to them for formulating prognosis. Concurrently, each physician and nurse was asked whether he or she would recommend comfort care for each enrolled patient.
The calculated predictors of outcome were the ICH score and the FUNC score. Details of how the ICH score and FUNC score are calculated are provided in table e-1 on the Neurology ® Web site at Neurology.org. The ICH score was selected for this study because it is by far the most validated ICH prognostication tool available. 9 It outputs an ordinal value from 0 to 6, with increasing values correlating with increasing probabilities of poor outcome as measured by the mRS. The ICH score has been validated for predicting the probabilities of achieving each mRS level by patients at 3, 6, 9, and 12 months. 17 The FUNC score outputs values from 0 to 11; in contrast to the ICH score and the mRS, increasing values correlate with increasing probabilities of favorable outcome.
14 Designed to predict probability of functional independence at 3 months, the FUNC score was selected for this study because of its focus on functional outcome and its initial validation in a survivors-only cohort. The correlations of the ICH score and FUNC score with patient outcome were derived using patient data taken from time of initial hospital evaluation.
Data sources and measurement. All clinical variables for patients were obtained via direct chart abstraction at enrolling centers, with Glasgow Coma Scale (GCS) taken from time of initial evaluation. All radiographic variables were consistently assessed from initial head CT scans. For patients enrolled in ERICH, baseline CT images were sent to the ERICH neuroimaging core site (Massachusetts General Hospital) for independent assessment of radiographic variables. 21 Patients not enrolled in ERICH had their initial imaging assessed locally by a blinded reviewer.
Each clinician indicated his or her best estimate of the mRS a patient would achieve at 3 months after ICH via paper survey. This survey included written detailed descriptions of each mRS value. Whether the respondent would recommend comfort care for the patient was also explicitly asked on the survey. Local research coordinators entered all predictions and clinician variables into a centralized password-protected online database for analysis.
Actual 3-month mRS for each enrolled patient was obtained via telephone interview by blinded ERICH staff or by research coordinators responsible for local site ICH registries where applicable.
Potential bias. As active members of the enrolled patients' treatment teams, physicians and nurses enrolled in this study were not blinded to clinical information outside of the variables already incorporated into the ICH score and FUNC score. This design ensured that the predictive accuracy of observed clinicians mirrored that of real-life situations for generalizability of study results to clinical practice.
Statistical methods and study size. Patient and clinician variables were described by calculating counts, percentages, and means 6 SDs and medians, as appropriate. To describe clinician prognostication data, matched contingency tables of predicted mRS vs actual 3-month mRS were generated separately for physicians and nurses. Weighted kappa values were computed as a measure of agreement beyond chance. To test whether there were directional trends (either optimistic or pessimistic) for physician and nursing predictions, a p value test of symmetry for each contingency table was also computed.
The accuracies of physician and nurse predictions and of the ICH score and FUNC score were quantified by computing the Spearman rank correlation coefficient for the output of each group with actual 3-month outcome. The accuracy of attending physicians and trainees were also assessed separately using this method. The Wald test was computed to test whether there were significant differences in the value of the correlation coefficient between groups.
Separate prespecified analyses using these same statistical methods were performed on cohorts of only those patients surviving to 3 months and only those patients for whom neither the physician nor nurse surveyed indicated that he or she would initially recommend comfort care. These cohorts were designed to minimize bias from clinicians' early knowledge of inevitable limitations of care. The accuracy of physicians and nurses compared to the ICH score and FUNC score was also assessed using the same statistical method within different subgroups of patients divided by markers of disease severity, i.e., admission GCS score or initial ICH volume, in exploratory analyses that were not prespecified.
Although the sample sizes reported here represent an unprecedented effort to explore these questions, there remain limitations relative to robustly delineating plausible health care provider or patient characteristics that might explain patterns observed. The sample sizes are sufficient, however, for exploring large differences among groups.
RESULTS Enrollment. The figure contains details regarding the enrollment from April 2011 to December 2013 of 121 ICH patients, with both early physician and nurse predictions as well as 3-month outcomes.
Patients. Table 1 shows the baseline characteristics of the 121 patients.
Clinicians. Table 2 shows characteristics of the physicians and nurses making outcome predictions. Thirty-six attending physicians and 16 trainee physicians made 121 The observed 7 3 7 tables for both physicians and nurses showed significant departures from symmetry (p 5 0.03 and p 5 0.04, respectively). Careful comparison of the frequency of actual mRS outcomes with the frequency of predicted mRS outcomes reveals a tendency towards optimistic errors for both physicians and nurses when making early outcome predictions. While 46 patients (37.1%) experienced 3-month mortality, the physician and nursing group each only predicted 18 patients (14.5%) to be dead at follow-up.
Clinician predictions vs ICH score and FUNC score. Table 3 shows the Spearman rank correlation coefficients (r) of the physician predictions and nursing predictions compared to those of the ICH score and FUNC score, relative to the actual 3-month mRS, including separate analyses of a cohort of all patients who were alive at 3 months and the cohort of patients after those were excluded for whom either a physician or nurse predicted that he or she would be inclined to recommend comfort care to the patient's family.
To explore the possibility that the observed predictive advantage of clinicians over formal scales may simply be due to the ability of physicians and nurses to prognosticate patients who present very well (e.g., high GCS, small ICH volume) or very poorly (e.g., low GCS, large ICH volume) with a high degree of accuracy, the comparative analyses displayed in table 4 were conducted.
First, the entire sample of patients was divided into 2 subgroups by GCS, with very low (i.e., [3] [4] or high (i.e., 13-15) GCS scores in one group (n 5 83) and middle range (5-12) GCS scores in another (n 5 38). Second, the entire sample of patients was divided into 2 subgroups by ICH volume, with small Abbreviation: ICH 5 intracerebral hemorrhage. a r represents the Spearman rank correlation coefficient vs 3-month actual outcome as measured by the modified Rankin Scale. A perfect coefficient with an absolute value of 1 occurs when the 2 tested variables are a perfect monotonic function of the other. The listed p values represent the probabilities that differences in r for the ICH score and FUNC score with respect to those for the clinician groups are due to chance. b Because a high FUNC score value is ideally supposed to correlate with an eventual low modified Rankin Scale value, the Spearman rank correlation coefficients calculated for FUNC scores are negative. The absolute value can be compared with the other calculated r values. c Patients for whom either a physician or a nurse indicated on the prediction form that he or she would be inclined to recommend comfort care to the family were excluded from this analysis.
(,30 mL) and large (.60 mL) hemorrhages in one group (n 5 101) and moderate sized hemorrhages (30 mL # volume # 60 mL) in another (n 5 20). While these analyses were not prespecified and are limited (in the situation of moderate volumes) by low numbers, the outcome predictions of both physicians and nurses still trended towards greater predictive accuracy than either the ICH score or FUNC score for both GCS subgroups and both ICH volume subgroups alike.
DISCUSSION Contrary to the hypothesis, for patients with spontaneous ICH, the early subjective clinical judgment of physicians within 24 hours of patient admission correlates more closely with 3-month outcome than 2 of the most widely used ICH outcome prognostication tools, the ICH score and the FUNC score. For attending physicians, this finding is true even when considering only those patients for whom the primary care team is not considering early institution of comfort measures. The accuracy of physicians over the 2 formal scales may be present not only when patients' initial clinical presentations are clearly favorable (e.g., high GCS, small ICH volume) or unfavorable (e.g., low GCS, large ICH volume) but even when clinical presentations are more ambiguous in nature. Nursing predictions of outcome trend towards similar advantages over the ICH score and FUNC score as well. When subjective prognostic errors are made for mortality, both physicians and nurses tend towards optimism. Two particular strengths of our multicenter study are that all physician and nursing predictions of outcome were obtained within 24 hours of patient admission and both a survivors-only cohort and a cohort of patients without a comfort care bias were included. With these key study aspects in mind, practical challenges and study limitations should be acknowledged. First, a significant number of patients enrolled in local parent ICH studies did not undergo physician and nursing predictions within 24 hours. The percentage of patients in our study with a GCS above 8 (81.0%) is slightly higher than the percentages seen in other ICH cohorts published from the United States; however, the percentages of patients with respect to other relevant demographic and clinical factors (e.g., patient gender, age, ICH location, ICH volume) are comparable to past cohorts (table e-3) . 9, 14, 17, 19 Overall mortality in this cohort mirrors that seen in prior publications. 3, 19 Second, this study does not include specific data on clinicoradiographic deterioration of enrolled patients within the first 24 hours or information on ICH location outside of characterizations incorporated into the clinical scales (i.e., lobar, deep, infratentorial). It is possible that having such information might provide further insight into the reasons driving the superiority of clinician predictions. Third, clinicians making predictions were not formally trained in mRS scoring, although the paper survey that was distributed did contain the details of the mRS as a reference. While comparisons of clinical judgment against outcome prediction tools in general critical care populations have been studied, 23 our novel study prospectively compares the accuracy of commonly used formal prognostication scales against subjective clinician judgment specifically for ICH patients. Despite their importance, prognostic studies of subjective clinician judgments for critical care neurology have been few. 24, 25 One recent study in ischemic stroke compared prognostic accuracy of physician judgment to a widely available outcome prediction tool and concluded that the formal tool was superior. 26 However, physicians were given hypothetical case vignettes to prognosticate. Prognostication of stroke, whether ischemic or hemorrhagic, in a true clinical setting may allow clinicians to incorporate a range of decision-making factors not provided in hypothetical vignettes.
While the authors of the ICH score and FUNC score have already warned against using their instruments for the prognostication of individual patient outcome, 14, 17 the findings of this study further emphasize that there is currently no substitute for experienced clinician judgment. The profile of clinicians in this multicenter study suggests that the results are generalizable at least to academic medical centers with neurologic specialists, with the accuracy of clinicians at community hospitals remaining an open question. While avoidance of the self-fulfilling prophesy is noble in medicine, the fact that both physicians and nurses tend to err on the side of optimism for prognosticating ICH mortality suggests that the field of neurocritical care in general may benefit from being guarded when talking with families about outcome for these patients, in particular when discussions involve potentially committing patients to interventions such as tracheotomy or percutaneous endoscopic gastrostomy. The prognosis from the physician team alone is not the only factor that surrogate decision-makers consider in such situations but certainly influences ultimate decision-making. 27 The subjective factors that physicians and nurses incorporate into their determination of ICH prognosis, including psychosocial aspects of care, and the reasons for general prognostic optimism, especially regarding patient survival, are unanswered questions open for future study. Gaining a better understanding of particular clinical situations in which tools such as the ICH score and FUNC score may or may not be more accurate than clinician judgment, especially with regards to patients who present with moderatesized hemorrhages, would yield great improvement in the inherently uncertain process of prognostication.
